T
HE COGNITIVE-MOTOR complex associated with human immunodeficiency virus type 1 (HIV-1) 1 is the most important manifestation of HIV-1 in the brain and encompasses both clinically manifest dementia and a milder preclinical form: minor cognitive-motor disorders. These minor disorders can be verified by neuropsychological testing, eg, by testing psychomotor speed. 1 Although different test paradigms have been used, both European 2 and large American 3 studies have demonstrated that pathologic psychomotor slowing predicts progression in HIV-1-associated brain disease toward dementia and death. Reliable quantitative assessment and long-term monitoring of HIV-1-associated minor motor disorders (MMDs) are therefore essential for each patient to determine the individual prognosis. It is important to learn more about the time course of HIV-1 MMDs, their possible reversibility or irreversibility within certain time windows. This is particularly important because, at this stage of the disease, HIV-1 may affect various biochemical pathways both directly and indirectly through immune-mediated inflammatory pathomechanisms before structural brain damage resulting in irreversible neuronal loss becomes manifest.
To assess the relationship between the functional tests defining MMD and possible biochemical alterations, we used proton ( 1 H) magnetic resonance spectroscopy (MRS). The use of MRS can describe biochemical alterations in inflammatory and infectious brain disease 4 and has been shown to sensitively detect such alterations in early stages of HIV-1-associated brain disease. [5] [6] [7] Specifically, MRS was used to detect changes indicating glial proliferation. For this purpose, we chose the myoinositol (mI)-creatine (Cr) ratio, which is known to increase with gliosis. 8 We recently described early changes of brain metabolism as assessed by positron emission tomography in the basal ganglia. 9 Since the basal ganglia are particularly involved in the neuropathogenesis of HIV-1 MMDs and dementia, 10 our study was designed to look for changes in these structures. Broader background knowledge would allow a more rational use of the prophylactic 11 as well as the therapeutic 12-15 effects of antiretroviral therapy.
RESULTS
Demographic data are shown in Table 1 . Patient groups did not differ with regard to age, duration of HIV-1 seropositivity, or CD4 cell counts. Acquired immunodeficiency syndrome stages prevailed in all groups; 29 patients were receiving treatment with highly active antiretroviral therapy (HAART). The HIV Dementia Scale score did not differ between groups. Values ranged between the reported scores for asymptomatic HIVseropositive patients (14.1) and nondemented acquired immunodeficiency syndrome-defined patients (12.8) . 17 In accord with the group definitions, the Unified Parkinson's Disease Rating Scale motor score in group 3 was significantly higher than in group 1 (Fisher PLSD, P=.009). The CT values defined the groups. Whereas patients in groups 2 and 3 showed significantly longer CTs than patients in group 1 (ANOVA, PϽ.001; Fisher PLSD, PϽ.001 for groups 2 and 3 vs group 1), the changes of CTs for the worse (negative value of difference) were most marked in group 2 (ANOVA, P=.03; Fisher PLSD, P=.08 vs group 3 and P =.008 vs group 1). In accord with the definition criteria, pathologic CTs had been present longest in group 3 (median, 21 months), only for a short time in group 2 (median, 3 months), and not at all in group 1. Routine MR imaging sequences showed no regional structural abnormalities and no pathologic contrast enhancement. Fifteen patients, evenly distributed among the groups, showed a mild degree of brain atrophy. Two patients in group 1 and 1 patient in group 3 showed nonspecific white matter lesions.
In a first step of the analysis, we asked whether HIV-1-seropositive but nondemented patients as a whole showed metabolic abnormalities. Patients and control subjects were therefore compared ( Table 2 ). On a group statistical level, no significant metabolic differences between HIV-1-seronegative control subjects and HIV-1-seropositive but neurologically asymptomatic patients were found. No significant differences between right and left basal ganglia samples were detected.
In a second step of the analysis, we were interested in the question of whether HIV-1-seropositive patients with and without HIV-1-associated MMDs would differ metabolically. Therefore, patient groups 1, 2, and 3 were
SUBJECTS AND METHODS

PATIENTS AND CONTROL SUBJECTS
Fourteen HIV-1-seronegative healthy volunteers (all white men; mean ± SD age, 33.6 ± 6.5 years) served as controls. Thirty-three HIV-1-seropositive subjects (all white homosexual men with no history of substance abuse) were recruited from the Neuro-AIDS outpatient clinic. Written informed consent was obtained in accordance with guidelines of the Declaration of Human Rights, Helsinki 1975. The study was approved by the local ethics committee. Demographic data for all subjects are shown in Table 1 . None of the patients had evidence of HIV-1-associated myelopathy or HIV-1-associated peripheral polyneuropathy, none had ever had cerebral lymphoma or cerebral opportunistic infection, and none showed clinical signs of basal ganglia dysfunction. None fulfilled the clinical criteria for HIV-1-associated dementia 1 at the time of MRS, and none subsequently developed HIV-1-associated dementia as of June 30, 2000 .
All patients underwent regular electrophysiologic motor testing every 3 months before and after MRS. Evaluation further included the motor scores of the Unified Parkinson's Disease Rating Scale 16 and the HIV Dementia Scale.
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MAGNETIC RESONANCE IMAGING
Both magnetic resonance (MR) imaging and MRS were performed on a 1. 
MAGNETIC RESONANCE SPECTROSCOPY
On the basis of the 3 orthogonal T1-weighted MR images, the target volumes for 1 H-MRS were planned for the region of basal ganglia. The size of volumes was 2 ϫ2ϫ2 cm 3 ( Figure) , leading to a sufficient signal-to-noise ratio within a reasonable measurement time. Volumes were placed as demonstrated in the Figure, including the striatum and parts of the thalamus. This placement includes regions of less interest than the striatum; however, another placement would necessarily have included parts of the ventricle system, leading to systematic difficulties in the interpretation of data because of an inhomogeneous sampling volume including not only gray and white matter but also cerebrospinal fluid. Spectroscopic data were acquired by a stimulated echo acquisition mode 18 sequence using a TE of 20 milliseconds, a TR of 1500 milliseconds, and 256 acquisitions. The spectral line widths were 8 to 9 Hz for the water resonance resulting from the preceding shimming procedure. Water suppression was performed with a frequency-compared ( Table 3) . ANOVA showed significant differences between groups for the mI/Cr ratio. Patients with sustained pathologic psychomotor testing (group 3) showed significantly higher mI/Cr ratios than patients who showed slowing for the first time (group 2) (Fisher PLSD, P=.01) and patients with consistently normal psychomotor speed (group 1) (Fisher PLSD, P = .03). When patients in group 3 were compared with patients in groups 1 and 2 together, the difference remained significant (unpaired t test, 0.57 ± 0.07 vs 0.49 ± 0.09; P = .007). Although the mean values of all groups were within the normal range, patients in group 3 ranked significantly higher in the Mann-Whitney test (P=.01; mean rank for groups 1+2, 12.7; mean rank for group 3, 21.4). Unified Parkinson's Disease Rating Scale scores did not correlate with mI/Cr ratios. No significant changes for the other ratios were observed among the 3 groups. No significant correlations (PϽ.05) between metabolite ratios and differences in CD4 cell counts, log plasma viral load, and CT values were detected.
COMMENT
The present study was designed to answer the question of whether (and, if so, at what time) MRS can detect metabolic abnormalities constituting a possible pathophysiologic and functional correlate of HIV-1-associated MMDs. So far, most studies have applied MRS to the examination of HIV-1-seropositive patients with manifest dementia. [28] [29] [30] [31] [32] The MRS spectra in demented patients were characterized by reduced levels of NAA and increased levels of choline in white matter regions. 28, 33 Metabolic abnormalities were more marked in more advanced stages of dementia. 28 A Cho increase appeared before the NAA decrease. 34 According to these findings, the NAA/Cr and Cho/Cr ratios have been found to be decreased and increased, respectively, in demented patients. 32, 35 Whereas NAA/Cr and NAA/Cho ratios were reduced in cognitively impaired patients 30 in the centrum semiovale and mesial cortex, no significant NAA differences could be detected in the basal ganglia. 31 Since NAA is a marker for mature neurons, 36 a decrease in NAA in demented patients has been interpreted as a sign of neuronal loss or damage in relatively late stages of HIV-1-associated brain damage. However, focusing on earlier and subclinical stages of the disease may help to better treat or prevent HIV-1 cognitive-motor complex rather than focusing on manifest disease stages when neuronal death is already present and possibly extensive. 37 One study that included both demented and asymptomatic patients found selective 90°prepulse with gaussian pulse shape. The spectroscopic data were transferred to a workstation. The residual signal of the suppressed water was subtracted by means of the Hankel singular value decomposition algorithm. 19 An exponential line broadening of 1 Hz was performed. For the determination of the signal intensities of the different metabolites, spectra were fitted by means of the time domain fitting algorithm VARPRO (VARiable PROjection method) 20, 21 and an MR user interface tool kit. 22 The evaluation of short echo in vivo spectra is difficult because of overlapping resonances of the metabolites and also because of possible background problems. 23, 24 To obtain stable results for the individual signal intensities of the different metabolites, we used the technique of time domain fitting with prior knowledge for the different resonances. 25 The signal intensities determined for the following peaks were relevant for the statistical analysis: glutamine/glutamate, 3.65 to 3.80 ppm; mI, 3.54 ppm; choline-containing compounds (Cho), 3.20 ppm; Cr and phosphocreatine (Cr/PCr), 3.00 ppm; and N-acetylaspartate (NAA), 2.00 ppm (Figure) . Only metabolite ratios were analyzed, since determination of absolute metabolite concentrations was impossible in our department for technical reasons.
ELECTROPHYSIOLOGIC MOTOR TESTING
Electrophysiologic assessment of psychomotor speed included the analysis of most rapid voluntary isometric index finger extensions. The variables measured in this context were simple reaction time, ie, the time span between a short "go" signal and the onset of contraction, and contraction time (CT), ie, the time span between the onset and peak force of the contraction (for methodologic details see Arendt et al 26 ) . Normal values for 98 HIV-1-seronegative controls have been published. 27 The CTs were rated "pathologic"
if at least the value of one hand fell outside the mean +2 SDs. Patients were separated into 3 groups. Group 1 consisted of patients who had never shown pathologic CT values. Mean ± SD duration of asymptomatic follow-up before MRS was 49.3±34.6 months. These patients were thus completely asymptomatic. Group 2 consisted of patients who showed pathologic CTs for the first time during their individual follow-up. These patients were considered to have incipient HIV-1 MMDs. Group 3 included patients who showed repeated and thus sustained pathologic prolongations of CTs for a mean period of 28.4 ± 24.2 months (significantly longer than groups 1 and 2; Fisher protected least significant difference [PLSD], PϽ.01). These patients would fulfil the criteria for HIV-1 MMD. If CT was pathologic for both hands, we chose the more marked prolongation and performed MRS for the contralateral basal ganglia. There was no difference in the distribution between right and left basal ganglia sampled between the groups (group 1: right, n=5; left, n=5; group 2: right, n=5; left, n=3; group 3: right, n = 8; left, n = 6).
STATISTICS
Statistical analysis was performed with the commercially available software package Statview (Version 5.0.1.; SAS Institute Inc, Cary, NC, 1998). Analysis of variance (ANOVA) was performed to evaluate differences in basal ganglia metabolite concentrations and metabolite ratios between the different groups. Post hoc analyses with Fisher PLSD were used to determine the significance of differences between any 2 groups. To investigate possible relationships between variables, we performed regression analyses using the metabolite ratios and differences in CD4 cell counts, log plasma viral load, and CT values for 6-month periods: (1) the 6 months before MRS, (2) from 3 months before to 3 months after MRS, and (3) from MRS to 6 months thereafter.
NAA/Cr decreases and both mI/Cr and Cho/Cr increases in both white and gray matter in demented patients, 29 but only slight changes in the NAA/Cr and mI/Cr peaks in asymptomatic patients. We have therefore defined the groups in this study according to the very first, subtle, but electrophysiologically detectable manifestation of psychomotor slowing, which is highly predictive of the later development of HIV-1-associated dementia. 2, 3 The psychomotor test allows us to distinguish between patients who are functionally completely normal and those who show either incipient or sustained functional damage. Naturally, the approach bears the risk that patients are examined at such an early point during the course of the disease that minor metabolic abnormalities may escape detection. To further improve the chances of detecting very early signs of HIV-1-associated central nervous system dysfunction, we chose the basal ganglia as the region of interest. We recently showed that psychomotor slowing in HIV-1-seropositive patients is associated with metabolic disturbances in the basal ganglia. 9 There is unequivocal evidence that the basal ganglia play a pivotal role in HIV-1 infection of the brain.
10,38
Because we selected our patients for this study according to strict criteria, they did not, as a whole, show any notable metabolic abnormalities as detected by MRS. However, after separating them into the herein-defined groups, we did find significant differences. Although all mean values lie within the normal range, patients in group 3 had significantly higher mI/Cr ratios than those of groups 1 and 2. The size and placement of regions of interest in our patients may also account for the relative variability of data despite the significant but relatively small differences between groups. Focusing exclusively on the striatum (which was impossible in our experimental setting) might have led to more significant differences. However, the fact that we can detect significant differences between the electrophysiologically defined groups in this study makes the explanation we suggest even more probable.
Chang and coworkers 6 recently described an increased Cho/Cr ratio in the midfrontal white matter and *Values are given as mean ± SD unless otherwise specified. Group 1 never had pathologic psychomotor slowing; group 2 had it for the first time; and in groupin the basal ganglia as well as an elevated mI/Cr ratio and mI concentration in the basal ganglia. Importantly, these changes normalized with HAART. Most of our patients were also treated with HAART, which may explain the relatively small differences between our groups. Untreated patients may show more significant differences. Higher Cho concentrations were also found in subcortical brain regions early in HIV-1 disease when individuals were clinically and neuropsychologically asymptomatic, whereas low NAA levels were only found in subcortical brain regions in individuals with severe neuropsychological impairments. 7 Conversely, MMDs are not associated with a decrease in NAA. 5 We conclude that sustained HIV-1 MMDs even with HAART may be associated with altered mI/Cr ratios. Myoinositol has been identified as a glia-specific marker that may participate in the osmoregulatory system in astrocytes. 8 Disturbances in astrocyte function may therefore play an important role in the pathogenesis of sustained HIV-1 MMDs. Interestingly, another MRS study of patients without HIV-1-associated dementia showed a statistically significant increase in mI/Cr ratios in white matter compared with normal control subjects. 39 That group may well have consisted of patients with pathologic psychomotor slowing. In contrast, the demented group in that study showed almost normal levels of mI/Cr in both gray and white matter and a significant decrease in NAA/Cr in gray matter compared with both the control subjects and patients without dementia. 39 Highly active antiretroviral therapy has been found to improve metabolic dysregulation. 6 Psychomotor slowing may also respond to antiretroviral therapy. 12, 14 Since all but 3 of our patients received HAART, therapy may account for the relatively small degree of differences between our patient groups. However, if our finding of only slight metabolic disturbances is due to the therapeutic effect of HAART, it would imply that electrophysiologic motor testing may be more sensitive than MRS in detecting early signs of HIV-1-associated central nervous system disease at least in the basal ganglia. Other regions of interest including the frontal white matter must therefore be examined. Although the mean CD4 cell counts in our patients were within expected asymptomatic ranges, the groups did differ with regard to CT values and mI/Cr ratios in the basal ganglia. These findings are in good agreement with those of Price and coworkers, 13 who described that CD4 cell counts, HIV-1 RNA plasma levels, and neurologic impairment are independent predictors of mortality. Hypothetically, 9 the course of HIV-1 MMDs could begin with increased cerebral blood flow followed by functional deficits. The patients in our group 2 were most likely in this pathogenetic phase. More sustained pathologic psychomotor slowing (group 3) would be accompanied by progressive gliosis and more marked metabolic dysregulation. A final hypometabolic phase with neuronal loss and clinical manifestation of HIV-1 dementia would follow. Obviously, such a hypothesis stresses the urgent need for continuous follow-up examinations of patients, especially to determine the points in individual pathogenesis that are therapeutically accessible. 
